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METHODS OF FABRICATING
SEMICONDUCTOR DEVICES INCLUDING
MULTIPLE PATTERNING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2015-0019497 filed on
Feb. 9, 2015 in the Korean Intellectual Property Office, the
disclosure of which is hereby incorporated herein by refer-
ence in its entirety.

BACKGROUND

1. Technical Field

Embodiments of the inventive concepts relate to methods
of fabricating semiconductor devices, the methods including
patterning.

2. Description of Related Art

Although the size of a circuit pattern configuring a
semiconductor device has reduced rapidly, formation of fine
patterns may be limited by an optical resolution limitation of
an exposure device that transfers patterns on a semiconduc-
tor substrate. Therefore, much effort has been focused to
develop methods of overcoming the limitations of an optical
exposing resolution to form finer patterns.

In addition, it may become more difficult to contact a
common source line (CSL) as the line width of a semicon-
ductor device is reduced, due to a narrow cell area.

SUMMARY

Some embodiments of the inventive concepts provide
methods of fabricating a semiconductor devices using a
quadruple patterning technology.

Some embodiments of the inventive concepts provide
methods of fabricating a semiconductor device in which an
active area is commonly formed in a cell area using a
multi-pattern.

According to some embodiments of the inventive con-
cepts, methods of fabricating semiconductor devices are
provided. A method may include forming a stopper layer, a
lower hard mask layer, an intermediate hard mask layer, and
an upper hard mask pattern on a substrate. The method may
include forming first spacer patterns on sidewalls of the
upper hard mask pattern. The method may include removing
the upper hard mask pattern. The method may include
selectively etching the intermediate hard mask layer using
the first spacer patterns as an etching mask to form inter-
mediate hard mask patterns. The method may include
removing the first spacer patterns. The method may include
forming second spacer patterns on sidewalls of the interme-
diate hard mask patterns. The method may include removing
the intermediate hard mask patterns. The method may
include selectively etching the lower hard mask layer using
the second spacer patterns as an etching mask to form lower
hard mask patterns. The method may include removing the
second spacer patterns. The method may include forming a
patterning mask pattern that exposes a cell area and covers
a common source line area on the lower hard mask patterns
and the stopper layer. The method may include selectively
etching the stopper layer using the lower hard mask patterns
and the patterning mask pattern as etching masks to form
stopper patterns. The method may include removing the
patterning mask pattern.
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In some embodiments, the upper hard mask pattern may
include a first upper hard mask pattern and a second upper
hard mask pattern disposed on the first upper hard mask
pattern.

In some embodiments, the first upper hard mask pattern
may include a spin on hard mask (SOH). The second upper
hard mask pattern may include silicon oxynitride.

In some embodiments, the intermediate hard mask layer
may include the first intermediate hard mask layer and the
second intermediate hard mask layer disposed on the first
intermediate hard mask layer.

In some embodiments, the first intermediate hard mask
layer may include a spin on hard mask (SOH). The second
intermediate hard mask layer may include silicon oxynitride.

In some embodiments, the method may further include
forming a tunnel dielectric layer and a data storage layer
between the substrate and the stopper layer. The method may
include etching the tunnel dielectric layer and the data
storage layer using the stopper patterns as an etching mask
to form tunnel dielectric layer patterns and data storage layer
patterns. The method may include etching the substrate
using the stopper patterns as an etching mask to form cell
trenches.

In some embodiments, ones of the cell trenches may
include an elongated rectangular shape in a plan view.

In some embodiments, ones of the cell trenches may
include a “U” shape in a plan view.

In some embodiments, forming the cell trenches may
include forming dummy areas in a shape that surrounds the
cell trenches.

In some embodiments, the method may further include
forming a core insulating layer on the substrate on which the
cell trenches are formed. The method may include recessing
the core insulating layer to form a cell filling insulator in the
cell trenches. The method may include forming a dielectric
layer on the cell filling insulator. The method may include
forming a control gate electrode layer and a capping insu-
lating layer on the dielectric layer.

In some embodiments, the patterning mask pattern may
include a photoresist.

In some embodiments, the patterning mask pattern may
include opening patterns that expose portions of the lower
hard mask pattern and the stopper layer.

In some embodiments, forming the stopper patterns may
include etching the stopper layer using the lower hard mask
patterns that are exposed by the opening patterns as an
etching mask to form the stopper patterns. The lower hard
mask patterns that are exposed by the opening patterns may
not completely be removed by etching the stopping layer.

In some embodiments, opening patterns may expose a
“U” shape of the lower hard mask patterns in a plan view.

According to some embodiments, methods of fabricating
semiconductor devices may be provided. A method may
include forming a stopper layer, a lower hard mask layer, an
intermediate hard mask layer, and an upper hard mask layer
on a substrate. The method may include forming a first
patterning mask pattern that has an elongated rectangular
shape on the upper hard mask layer. The method may
include etching the upper hard mask layer using the first
patterning mask pattern as an etching mask to form an upper
hard mask pattern.

The method may include forming first spacer patterns on
sidewalls of the upper hard mask pattern. The method may
include removing the upper hard mask pattern. The method
may include selectively etching the intermediate hard mask
layer using the first spacer patterns as an etching mask to
form intermediate hard mask patterns. The method may
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include removing the first spacer patterns. The method may
include forming second spacer patterns on sidewalls of the
intermediate hard mask patterns. The method may include
removing the intermediate hard mask patterns. The method
may include selectively etching the lower hard mask layer
using the second spacer patterns as an etching mask to form
lower hard mask patterns. The method may include remov-
ing the second spacer patterns.

The method may include forming a second patterning
mask pattern that exposes a cell area and covers a common
source line area on the lower hard mask patterns and the
stopper layer. The method may include selectively etching
the stopper layer using the lower hard mask patterns and the
second patterning mask pattern as etching masks to form
stopper patterns.

According to some embodiments, methods of fabricating
semiconductor devices may be provided. A method may
include forming an etch stop layer, a lower hard mask layer
that has an etch selectivity with respect to the etch stop layer,
a first intermediate hard mask layer that has an etch selec-
tivity with respect to the lower hard mask layer, a second
intermediate hard mask layer that has an etch selectivity
with respect to the first intermediate hard mask layer, a first
upper hard mask layer that has an etch selectivity with
respect to the second intermediate hard mask layer, and a
second upper hard mask layer that has an etch selectivity
with respect to the first upper hard mask layer on a substrate.
The method may include forming a first patterning mask
pattern on the second upper hard mask layer. The method
may include etching, in a first etch process, the first and
second upper hard mask layers using the first patterning
mask pattern as an etching mask to expose portions of the
second intermediate hard mask layer. The method may
include removing the first patterning mask pattern.

The method may include forming a first spacer layer on
portions of the first and second upper hard mask layers that
remain after the first etch process and on the portions of the
second intermediate hard mask layer that are exposed. The
method may include partially etching the first spacer layer
and removing the second upper hard mask layer in a second
etch process to expose the first upper hard mask layer and to
form first spacer patterns on sidewalls of the first upper hard
mask layer. The method may include removing the first
upper hard mask layer from between the first spacer patterns.
The method may include etching, in a third etch process, the
first and second intermediate hard mask layers using the first
spacer patterns as an etching mask to expose portions of the
lower hard mask layer. The method may include removing
the first spacer patterns.

The method may include forming a second spacer layer
on portions of the first and second intermediate hard mask
layers that remain after the third etch process and on the
portions of the lower hard mask layer that are exposed. The
method may include partially etching the second spacer
layer and removing the second intermediate hard mask layer
in a fourth etch process to expose the first intermediate hard
mask layer and to form second spacer patterns on sidewalls
of the first intermediate hard mask layer. The method may
include removing the first intermediate hard mask layer from
between the second spacer patterns. The method may
include etching, in a fifth etch process, the lower hard mask
layer using the second spacer patterns as an etching mask to
expose portions of the etch stop layer. The method may
include removing the second spacer patterns.

In some embodiments, the method may include forming
a second patterning mask pattern that includes a plurality of
openings spaced apart from each other and extending par-
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allel to each other that expose portions of the lower hard
mask layer that remain after the fifth etch process and
portions of the etch stop layer. The method may include
etching, in a sixth etch process, the etch stop layer using the
second patterning mask pattern and the portions of the lower
hard mask layer that are exposed as etching masks.

In some embodiments, the method may include forming
a tunnel dielectric layer and a data storage layer between the
substrate and the etch stop layer. The method may include
etching, in a seventh etch process, the data storage layer and
the tunnel dielectric layer using portions of the etch stop
layer remaining after the sixth etch process as an etching
mask.

In some embodiments, the first patterning mask pattern
may include a plurality of parallel elongated rectangular
shaped openings that expose portions of the second upper
hard mask layer.

In some embodiments, the first patterning mask pattern
may include a plurality of parallel elongated rectangular
shapes that cover portions of the second upper hard mask
layer.

In some embodiments, spaces in a lateral direction
between ones of the second spacer patterns may be approxi-
mately equal to thicknesses in the lateral direction of the
ones of the second spacer patterns.

It is noted that aspects of the inventive concepts described
with respect to one embodiment, may be incorporated in a
different embodiment although not specifically described
relative thereto. That is, all embodiments and/or features of
any embodiment can be combined in any way and/or com-
bination. These and other objects and/or aspects of the
present inventive concepts are explained in detail in the
specification set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive concepts will be apparent from the more
particular description of preferred embodiments of the
inventive concepts, as illustrated in the accompanying draw-
ings in which like reference characters refer to the same
parts throughout the different views. The drawings are not
necessarily to scale, emphasis instead being placed upon
illustrating the principles of the inventive concepts.

FIGS. 1A and 1B to 18 are views schematically illustrat-
ing intermediate process operations in methods of fabricat-
ing semiconductor devices according to some embodiments
of the inventive concepts. FIGS. 1A to 14A are top views of
a semiconductor device, FIGS. 1B to 14B, and 15 to 18 are
cross-sectional views of the semiconductor device taken
along line I-I', and FIGS. 11C to 14C are cross-sectional
views of the semiconductor device taken along line II-IT'.

FIGS. 19A and 19B to 32A and 32B are views schemati-
cally illustrating intermediate process operations in methods
of fabricating semiconductor devices according to some
embodiments of the inventive concepts. FIGS. 19A to 32A
are top views of a semiconductor device, FIGS. 19B to 32B
are cross-sectional views of the semiconductor device taken
along line III-1IT', and FIGS. 29C to 32C are cross-sectional
views of the semiconductor device taken along line VI-VT'

FIGS. 33 to 36 are plan views schematically illustrating
intermediate process operations in methods of forming an
active area of semiconductor devices according to some
embodiments of the inventive concepts;

FIGS. 37 to 40 are plan views schematically illustrating
intermediate process operations in methods of forming an
active area of semiconductor devices according to some
embodiments of the inventive concepts;
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FIG. 41 is a plan view schematically illustrating a semi-
conductor module according to some embodiments of the
inventive concepts; and

FIGS. 42 and 43 are block diagrams schematically illus-
trating electronic systems according to some embodiments
of the inventive concepts

DETAILED DESCRIPTION

Advantages and features of the inventive concepts, and
methods of achieving the same, will be clearly understood
with reference to the accompanying drawings and the fol-
lowing detailed embodiments. However, the inventive con-
cepts is not limited to the embodiments to be disclosed, but
may be implemented in various different forms. The
embodiments are provided in order to fully explain the
inventive concepts and fully explain the scope of the inven-
tive concepts to those skilled in the art. Accordingly, the
scope of the inventive concepts is defined by the appended
claims.

The terminology used here is for describing particular
example embodiments only and is not intended to be lim-
iting. As used here, the singular forms “a,” “an,” and “the”
are intended to include plural forms as well unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises,” “comprising,” “includes,”
and/or “including” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, and/or components.

It will be understood that when an element or layer is
referred to as being “on,” “connected to,” or “coupled to0”
another element or layer, it can be directly on, connected, or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description in describing one element’s or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features.

Embodiments of the inventive concepts will be described
with reference to cross-sectional views and/or plan views
that are exemplary views. Thicknesses of layers and areas
may be exaggerated for effective description of the technical
contents in the drawings. Forms of the embodiments may be
modified by the manufacturing technology and/or tolerance.
Therefore, the embodiments of the inventive concepts are
not intended to be limited to illustrated specific forms, and
include modifications of forms generated according to
manufacturing processes. For example, an etching area
illustrated at a right angle may be round or have a prede-
termined curvature. Therefore, areas illustrated in the draw-
ings have overview properties, and shapes of the areas are
illustrated special forms of the areas of a device, and are not
intended to limit the scope of the inventive concepts.
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Like numbers refer to like elements throughout. Thus, the
same or similar numbers may be described with reference to
other drawings even if they are neither mentioned nor
described in the corresponding drawing. Also, elements that
are not denoted by reference numbers may be described with
reference to other drawings.

FIGS. 1A and 1B to 18 are views schematically illustrat-
ing intermediate process operations in methods of fabricat-
ing semiconductor devices according to some embodiments
of the inventive concepts. FIGS. 1A to 14A are top views of
a semiconductor device, FIGS. 1B to 14B, and 15 to 18 are
cross-sectional views of the semiconductor device taken
along line I-I', and FIGS. 11C to 14C are-cross sectional
views of the semiconductor device taken along line II-IT'.

Referring to FIGS. 1A and 1B, methods of fabricating
semiconductor devices according to some embodiments of
the inventive concepts may include forming a tunnel dielec-
tric layer 110, a data storage layer 115, a stopper layer 120,
a lower hard mask layer 125, intermediate hard mask layers
130 and 135, upper hard mask layers 140 and 145, and a first
patterning mask pattern 150 on a substrate 100.

The substrate 100 may be a silicon wafer. For example,
the substrate 100 may be a single crystalline silicon wafer,
a silicon on insulator (SOI) wafer, a compound semicon-
ductor wafer, or an epitaxial silicon wafer that includes
carbon, germanium, or the like.

The tunnel dielectric layer 110 may include one of a
silicon oxide layer, a silicon oxynitride layer (SiON layer),
a nitrogen doped silicon oxide layer, or a high-k dielectric
group layer. The high-k dielectric layer may include a
dielectric layer that has a higher dielectric constant than a
silicon oxide layer, such as an aluminum oxide layer (AlO
layer), zirconium oxide layer (ZrO layer), hafnium oxide
layer (HfO layer), and lanthanum oxide layer (LaO layer).
The tunnel dielectric layer 110 may be formed using a
chemical vapor deposition (CVD) or an atom layer deposi-
tion (ALD) process.

The data storage layer 115 may store data of a nonvolatile
memory device such as a flash memory device, etc. For
example, the data storage layer 115 may include a floating
gate electrode. The data storage layer 115 may include
polysilicon doped with impurities. For example, a polysili-
con layer may be deposited by CVD on the tunnel dielectric
layer 110, and impurities may be doped into the polysilicon
layer to form the data storage layer 115. Otherwise, the data
storage layer 115 may be formed by doping impurities while
the polysilicon layer is deposited.

The stopper layer 120 may be formed on the data storage
layer 115 using CVD. The stopper layer 120 may include an
insulator, for example, a silicon oxide layer. The stopper
layer 120 may be an etch stop layer.

The lower hard mask layer 125 may have an etch selec-
tivity with respect to the stopper layer 120. For example, the
lower hard mask layer 125 may include polysilicon.

The intermediate hard mask layers 130 and 135 may
include a first intermediate hard mask layer 130 and a second
intermediate hard mask layer 135.

The first intermediate hard mask layer 130 may have an
etch selectivity with respect to the lower hard mask layer
125. In addition, the first intermediate hard mask layer 130
may have an etch selectivity with respect to an oxide based
material. For example, the first intermediate hard mask layer
130 may include a spin on hard mask (SOH).

The second intermediate hard mask layer 135 may have
an etch selectivity with respect to the first intermediate hard
mask layer 130. The second intermediate hard mask layer
135 may cap the first intermediate hard mask layer 130. The
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capping may include forming a layer of a solid material (i.e.,
a hard material) on a lower layer, that has fluidity (i.e., a soft
material), to fix the lower layer. The second intermediate
hard mask layer 135 may include silicon oxynitride (SiON).
When the second intermediate hard mask layer 135 includes
an organic material, the first intermediate hard mask layer
130 may include an inorganic material. In some embodi-
ments, the first intermediate hard mask layer 130 and the
second intermediate hard mask layer 135 may be imple-
mented by a combination of an organic material and an
inorganic material.

The upper hard mask layers 140 and 145 may include the
first upper hard mask layer 140 and the second upper hard
mask layer 145.

The first upper hard mask layer 140 may have an etch
selectivity with respect to the second intermediate hard mask
layer 135. In addition, the first upper hard mask layer 140
may have an etch selectivity with respect to an oxide based
material. For example, the first upper hard mask layer 140
may include an SOH.

The second upper hard mask layer 145 may have an etch
selectivity with respect to the first upper hard mask layer
140. The second upper hard mask layer 145 may cap the first
upper hard mask layer 140. The second upper hard mask
layer 145 may include silicon oxynitride (SiON).

The first patterning mask pattern 150 may include open-
ings O1, 02, and O3 that expose respective portions of a
surface of the second upper hard mask layer 145. The first
patterning mask pattern 150 may include a soft mask of an
organic based material, such as a photoresist, or a hard mask
of an inorganic based material.

Referring to FIGS. 2A and 2B, methods may include
etching the first upper hard mask layer 140 and the second
upper hard mask layer 145 using the first patterning mask
pattern 150 as an etching mask to form a first upper hard
mask pattern 140a and a second upper hard mask pattern
145a that expose portions of a surface of the second inter-
mediate hard mask layer 135. The first patterning mask
pattern 150 may be removed.

Referring to FIGS. 3A and 3B, methods may include
forming a first spacer layer 155 that covers an exposed
surface of the second intermediate hard mask layer 135, the
first upper hard mask pattern 140q, and the second upper
hard mask pattern 145a. The first spacer layer 155 may
include silicon oxide.

Referring to FIGS. 4A and 4B, methods may include
etching the first spacer layer 155 to form first spacer patterns
155a. The first spacer patterns 155¢ may be formed by
performing an etch-back process. The first spacer patterns
155a may be formed in a spacer shape on sidewalls of the
first upper hard mask patterns 140q. In this process, all or
most of the second upper hard mask pattern 145¢ may be
removed, and the second intermediate hard mask layer 135
and the first upper hard mask patterns 140a may be exposed.
The first spacer patterns 155¢ may form ring shapes that
surround sidewalls of the first upper hard mask patterns
140a.

Referring to FIGS. 5A and 5B, methods may include
removing the first upper hard mask pattern 140q that is
exposed between the first spacer patterns 155a to expose
portions of the second intermediate hard mask layer 135 that
were covered by the first upper hard mask pattern 140a.

Referring to FIGS. 6A and 6B, methods may include
etching the first intermediate hard mask layer 130 and the
second intermediate hard mask layer 135 using the first
spacer patterns 155a¢ as an etching mask to form first
intermediate hard mask patterns 130a and second interme-
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diate hard mask patterns 135q that expose portions of a
surface of the lower hard mask layer 125. The first spacer
patterns 1554 may be removed.

Referring to FIGS. 7A and 7B, methods may include
forming a second spacer layer 160 that covers an exposed
surface of the lower hard mask layer 125, the first interme-
diate hard mask patterns 130a, and the second intermediate
hard mask patterns 1354. The second spacer layer 160 may
include silicon oxide. The second spacer layer 160 may have
thicknesses and spaces formed to be similar or the same in
a lateral direction. In other words, a quadruple patterning
technology that may improve resolution by, for example,
four times may be implemented that produces the second
spacer layer 160 wherein widths in a lateral direction of
spaces formed between ones of spacers of the second spacer
layer 160 may be approximately equal to thicknesses in the
lateral direction of the ones of the spacers of the second
spacer layer 160.

Referring to FIGS. 8A and 8B, methods may include
etching the second spacer layer 160 to form second spacer
patterns 160a. The second spacer patterns 160a may be
formed by performing an etch-back process. The second
spacer patterns 160a may be formed in a spacer shape on
sidewalls of the first intermediate hard mask patterns 130aq.
In this process, all or most of the second intermediate hard
mask patterns 135¢ may be removed, and the lower hard
mask layer 125 and the first intermediate hard mask patterns
130a may be exposed. The second spacer patterns 160a may
form ring shapes that surround sidewalls of the first inter-
mediate hard mask patterns 130a.

Referring to FIGS. 9A and 9B, methods may include
removing the first intermediate hard mask patterns 130a
exposed between the second spacer patterns 160a to expose
the portions of the lower hard mask layer 125 that were
covered by the first intermediate hard mask patterns 130a.

Referring to FIGS. 10A and 10B, methods may include
etching the lower hard mask layer 125 using the second
spacer patterns 160a as an etching mask to form lower hard
mask patterns 1254 that expose portions of a surface of the
stopper layer 120. The second spacer patterns 160a may be
removed.

Referring to FIGS. 11A, 11B, and 11C, methods may
include forming a second patterning mask pattern 170 on the
lower hard mask patterns 125a that expose portions of a
surface of the stopper layer 120. The second patterning mask
pattern 170 may expose a cell area C and may cover a
common source line area. The second patterning mask
pattern 170 may include opening patterns O4 and O5 that
may expose respective portions of a surface of the stopper
layer 120 and may expose respective portions of the lower
hard mask patterns 1254'. Therefore, the lower hard mask
patterns 125a and 1254' may be classified as the exposed
lower hard mask patterns 1254' and the masked lower hard
mask patterns 125a. The second patterning mask pattern 170
may include a soft mask of an organic based material, such
as a photoresist, or a hard mask of an inorganic based
material. The second patterning mask pattern 170 may
define the cell area C using the opening patterns O4 and O5.
The second patterning mask pattern 170 may commonly
form an active area of the cell area C. That is, referring to
FIG. 11C, the second patterning mask pattern 170 may cover
a surface of the stopper layer 120 and the lower hard mask
patterns 1254 to commonly form an active area that may be
used as a common source line.

Referring to FIGS. 12A, 12B, and 12C, methods may
include etching the stopper layer 120 using the second
patterning mask pattern 170 as an etching mask to form
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stopper patterns 120a that expose portions of a surface of the
data storage layer 115. Specifically, the stopper patterns
120a that expose the portions of the data storage layer 115
may be formed by etching the stopper layer 120 using the
second patterning mask pattern 170 and the lower hard mask
patterns 125a and 125q' as etching masks. The second
patterning mask pattern 170 may be removed. The lower
hard mask patterns 1254' that are exposed by the opening
patterns O4 and O5 may not be removed completely and
may remain as thinned lower hard mask patterns 125a'1. The
lower hard mask patterns 125a of an area that is masked by
the second patterning mask pattern 170 may remain as they
are.

Referring to FIGS. 13A, 13B, and 13C, methods may
include etching the data storage layer 115 and the tunnel
dielectric layer 110 in the cell area C using the stopper
patterns 120q as an etching mask to form data storage layer
patterns 1154 and tunnel dielectric layer patterns 110a, that
expose portions of a surface of the substrate 100. The
remaining thinned lower hard mask patterns 1254'1 that are
exposed by the opening patterns O4 and O5 may be removed
completely, and the stopper patterns 120a may be exposed
entirely. The lower hard mask patterns 125a of an area that
is masked by the second patterning mask pattern 170 may
not be removed completely and may remain as thinned
lower hard mask patterns 12541.

Referring to FIGS. 14A, 14B, and 14C, methods may
include etching the substrate 100 using the stopper patterns
120a, the data storage layer patterns 115a, and the tunnel
dielectric layer patterns 110qa as etching masks to form cell
trenches 175. Simultaneously, the remaining thinned lower
hard mask patterns 12541 and the stopper patterns 120a may
be removed. In a top view, the trenches 175 may have a rod
shape or a bar shape. As used herein, a top view may refer
to a plan view of the semiconductor device. In other words,
in a plan view, the trenches 175 may have an elongated
rectangular shape. A dummy area 1754 may be formed in an
edge of the cell area C. Referring to FIG. 14C, the active
area in the cell area C may be formed commonly. In other
words, the cell area C may include two rows of trenches 175
with a common active area therebetween. The active area
that is formed commonly may be used as a common source
line. Therefore, in a subsequent process, the common source
line (CSL) may be formed without regard to the contact size
of a cell.

Referring to FIG. 15, methods may include forming a core
stopper layer 180 on the substrate 100 and on the data
storage layer patterns 115a. The core stopper layer 180 may
be formed of a material that has good fluidity and cap filling
characteristics. For example, in some embodiments, the core
stopper layer 180 may be formed by a coating method. The
core stopper layer 180 may be formed of silazene material,
and, more specifically, may be formed of tonen silazene
(TOSZ).

Referring to FIG. 16, methods may include performing an
etch-back process to recess the core stopper layer 180 to
form a cell filling insulator 181 that fills an inside of the cell
trenches 175.

Referring to FIG. 17, methods may include forming a
dielectric layer 185 on the cell filling insulator 181. The
dielectric layer 185 may be formed by a CVD or an ALD
process. For example, the dielectric layer 185 may have a
multilayer of SiO,/SiN/SiO, (ONO).

Referring to FIG. 18, methods may include forming a
control gate electrode layer 190 and capping insulating layer
195 on the dielectric layer 185. The control gate electrode
layer 190 may be formed of a metal, a metal silicide, or a
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semiconductor layer that is doped with impurities. The
capping insulating layer 195 may be formed of an insulator,
for example, silicon oxide, silicon nitride, or silicon oxyni-
tride. Other subsequent processes may be further performed.

FIGS. 19A and 19B to 32A and 32B are views schemati-
cally illustrating intermediate process operations in methods
of fabricating semiconductor devices according to some
embodiments of the inventive concepts. FIGS. 19A to 32B
are top views of a semiconductor device, FIGS. 19B to 32B
are cross-sectional views of the semiconductor device taken
along line III-1IT', and FIGS. 29C to 32C are cross-sectional
views of the semiconductor device taken along line VI-VT'

Referring to FIGS. 19A and 19B, methods may include
forming a tunnel dielectric layer 210, a data storage layer
215, a stopper layer 220, a lower hard mask layer 225,
intermediate hard mask layers 230 and 235, upper hard mask
layers 240 and 245, and a first patterning mask pattern 250
on a substrate 200.

The substrate 200 may be a silicon wafer, for example, a
single crystalline silicon wafer, an SOI wafer, a compound
semiconductor wafer, or an epitaxial silicon wafer that
includes carbon, germanium, or the like.

The tunnel dielectric layer 210 may include one of a
silicon oxide layer, a silicon oxynitride layer (SiON layer),
a nitrogen doped silicon oxide layer, or a high-k dielectric
group layer. The high-k dielectric layer may include a
dielectric layer, such as an aluminum oxide layer (AlO
layer), zirconium oxide layer (ZrO layer), hafnium oxide
layer (HfO layer), and lanthanum oxide layer (LaO layer),
etc., that has a higher dielectric constant than a silicon oxide
layer. The tunnel dielectric layer 210 may be formed using
a chemical vapor deposition (CVD) or an atom layer depo-
sition (ALD) process.

The data storage layer 215 may store data of a nonvolatile
memory device such as a flash memory device, etc. For
example, the data storage layer 215 may include a floating
gate electrode. The data storage layer 215 may include
polysilicon doped with impurities. For example, a polysili-
con layer may be deposited by CVD on the tunnel dielectric
layer 210, and impurities may be doped into the polysilicon
layer to form the data storage layer 215. Otherwise, the data
storage layer 215 may be formed by doping impurities while
the polysilicon layer is deposited.

The stopper layer 220 may be formed on the data storage
layer 215 using CVD. The stopper layer 220 may include a
silicon oxide layer.

The lower hard mask layer 225 may have an etch selec-
tivity with respect to the stopper layer 220. For example, the
lower hard mask layer 225 may include polysilicon. The
intermediate hard mask layers 230 and 235 may include a
first intermediate hard mask layer 230 and a second inter-
mediate hard mask layer 235.

The first intermediate hard mask layer 230 may have an
etch selectivity with respect to the lower hard mask layer
225. In addition, the first intermediate hard mask layer 230
may have an etch selectivity with respect to an oxide based
material. For example, the first intermediate hard mask layer
230 may include an SOH.

The second intermediate hard mask layer 235 may have
an etch selectivity with respect to the first intermediate hard
mask layer 230. The second intermediate hard mask layer
235 may cap the first intermediate hard mask layer 230. The
capping may include forming a layer of a solid material (i.e.,
a hard material) on a lower layer, that has fluidity (i.e., a soft
material), to fix the lower layer. The second intermediate
hard mask layer 235 may include silicon oxynitride (SiION).
When the second intermediate hard mask layer 235 includes
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an organic material, the first intermediate hard mask layer
230 may include an inorganic material. In some embodi-
ments, the first intermediate hard mask layer 230 and the
second intermediate hard mask layer 235 may be imple-
mented by a combination of an organic material and an
inorganic material.

The upper hard mask layers 240 and 245 may include a
first upper hard mask layer 240 and a second upper hard
mask layer 245. The first upper hard mask layer 240 may
have an etch selectivity with respect to the second interme-
diate hard mask layer 235. In addition, the first upper hard
mask layer 240 may have an etch selectivity with respect to
an oxide based material. For example, the first upper hard
mask layer 240 may include an SOH. The second upper hard
mask layer 245 may have an etch selectivity with respect to
the first upper hard mask layer 240. The second upper hard
mask layer 245 may cap the first upper hard mask layer 240.
The second upper hard mask layer 245 may include silicon
oxynitride (SiON).

The first patterning mask pattern 250 may include bar
shapes that mask respective portions of a surface of the
second upper hard mask layer 245. The first patterning mask
patterns 250 may include a soft mask of an organic based
material, such as a photoresist, or a hard mask of an
inorganic based material.

Referring to FIGS. 20A and 20B, methods may include
etching the first upper hard mask layer 240 and the second
upper hard mask layer 245 using the first patterning mask
patterns 250 as an etching mask to form first upper hard
mask patterns 240a and second upper hard mask patterns
2454 that mask respective portions of a surface of the second
intermediate hard mask layer 235. The first patterning mask
patterns 250 may be removed.

Referring to FIGS. 21A and 21B, methods may include
forming a first spacer layer 255 that covers an exposed
surface of the second intermediate hard mask layer 235, the
first upper hard mask patterns 240qa, and the second upper
hard mask patterns 245a. The first spacer layer 255 may
include silicon oxide.

Referring to FIGS. 22A and 22B, methods may include
etching the first spacer layer 255 to form first spacer patterns
255a. The first spacer patterns 2554 may be formed by
performing an etch-back process. In a cross-sectional view,
the first spacer patterns 2554 may be formed in a spacer
shape on sidewalls of the first upper hard mask patterns
240a. In this process, all or most of the second upper hard
mask patterns 2454 may be removed, and the second inter-
mediate hard mask layer 235 and the first upper hard mask
patterns 240a may be exposed. In a top view, the first spacer
patterns 2554 may have ring shapes that surround sidewalls
of the first upper hard mask patterns 240q.

Referring to FIGS. 23A and 23B, methods may include
removing the first upper hard mask patterns 240a that are
exposed between the first spacer patterns 255a to expose
portions of the second intermediate hard mask layer 235 that
were covered by the first upper hard mask patterns 240aq.

Referring to FIGS. 24A and 24B, methods may include
etching the first intermediate hard mask layer 230 and the
second intermediate hard mask layer 235 using the first
spacer patterns 255a as an etching mask to form first
intermediate hard mask patterns 230a and second interme-
diate hard mask patterns 235a that expose respective por-
tions of a surface of the lower hard mask layer 225. The first
spacer patterns 255a may be removed.

Referring to FIGS. 25A and 25B, methods may include
forming a second spacer layer 260 that covers an exposed
surface of the lower hard mask layer 225, the first interme-
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diate hard mask patterns 230a, and the second intermediate
hard mask patterns 2354. The second spacer layer 260 may
include silicon oxide. The second spacer layer 260 may have
thicknesses and spaces formed to be similar or the same in
a lateral direction.

Referring to FIGS. 26A and 26B, methods may include
etching the second spacer layer 260 to form second spacer
patterns 260a. The second spacer patterns 260a may be
formed by performing an etch-back process. The second
spacer patterns 260a may be formed in a spacer shape on
sidewalls of the first intermediate hard mask pattern 230q. In
this process, all or most of the second intermediate hard
mask patterns 235¢ may be removed, and the lower hard
mask layer 225 and the first intermediate hard mask patterns
230a may be exposed. In a top view, the second spacer
patterns 260a may have ring shapes that surround sidewalls
of the first intermediate hard mask patterns 230a.

Referring to FIGS. 27A and 27B, methods may include
removing the first intermediate hard mask patterns 230q that
are exposed between the second spacer patterns 260a to
expose the lower hard mask layer 225.

Referring to FIGS. 28A and 28B, methods may include
etching the lower hard mask layer 225 using the second
spacer patterns 260a as an etching mask to form lower hard
mask patterns 2254 that expose portions of a surface of the
stopper layer 220. The second spacer patterns 260a may be
removed.

Referring to FIGS. 29A, 9B, and 29C, methods may
include forming a second patterning mask pattern 270 on the
lower hard mask patterns 225q that expose portions of a
surface of the stopper layer 220. The second patterning mask
pattern 270 may expose a cell area C and may cover a
common source line area. The second patterning mask
pattern 270 may include opening patterns 06 and O7 that
may expose respective portions of a surface of the stopper
layer 220 and may expose respective portions of the lower
hard mask patterns 2254'. Therefore, the lower hard mask
patterns 225a and 2254' may be classified as the exposed
lower hard mask patterns 2254' and the masked lower hard
mask patterns 225a. The second patterning mask pattern 270
may include a soft mask of an organic based material, such
as a photoresist, or a hard mask of an inorganic based
material. The second patterning mask pattern 270 may
define a cell area C using the opening patterns O6 and O7.
The second patterning mask pattern 270 may commonly
form an active area in the cell area C. That is, referring to
FIG. 29C, the second patterning mask pattern 270 may cover
a surface of the stopper layer 220 and the lower hard mask
patterns 2254 to commonly form an active area that may be
used as a common source line area.

Referring to FIGS. 30A, 30B, and 30C, methods may
include etching the stopper layer 220 using the second
patterning mask pattern 270 as an etching mask to form
stopper patterns 220a that expose portions of a surface of the
data storage layer 215. Specifically, the second patterning
mask pattern 270 may be removed, and the stopper layer 220
may be patterned using the lower hard mask patterns 225q
as an etching mask to form stopper patterns 220q in which
portions of the data storage layer 215 may be exposed. The
lower hard mask patterns 225q¢' that are exposed by the
opening patterns 06 and O7 may not be completely removed
and may remain as thinned lower hard mask patterns 2254'1.
The lower hard mask patterns 2254q of an area that is masked
by the second patterning mask pattern 270 may remain as
they are.

Referring to FIGS. 31A, 31B, and 31C, methods may
include etching the data storage layer 215 and the tunnel
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dielectric layer 210 of the cell area C using the stopper
patterns 220q as an etching mask to form data storage layer
patterns 215a and tunnel dielectric layer patterns 210a that
expose portions of a surface of the substrate 200. The
remaining thinned lower hard mask patterns 2254'1 that are
exposed by the opening patterns O6 and O7 may be removed
completely and the stopper patterns 220a may be exposed
entirely.

Referring to FIGS. 32A, 32B, and 32C, methods may
include etching the substrate 200 using the stopper patterns
220a, the data storage layer patterns 215qa, and the tunnel
dielectric layer patterns 210a as etching masks to form cell
trenches 275. Simultaneously, the remaining thinned lower
hard mask patterns 22541 and the stopper patterns 220a may
be removed. In a top view, the trenches 275 may have a rod
shape or a bar shape. In other words, in a plan view, the
trenches 275 may have an elongated rectangular shape. A
dummy area 275a may be formed in an edge of the cell area
C. Referring to FIG. 32C, the active area in the cell area C
may be formed commonly. The active area that is commonly
formed may be used as a common source line. Therefore, a
CSL may be formed without regard to the contact size of a
cell.

Hereinafter, methods of fabricating semiconductor device
according to various embodiments of the inventive concepts
may be implemented the same as described in FIGS. 15 to
18. Therefore, the description thereof will not be repeated.

FIGS. 33 to 36 are plan views schematically illustrating
intermediate process operations in methods of forming an
active area of semiconductor devices according to some
embodiments of the inventive concepts. After performing a
method of fabricating a semiconductor device according to
FIGS. 1A and 1B to 10A and 10B, methods of forming the
active area of the semiconductor device will be described.
The same reference numerals used in the above drawings are
used for the same elements. Cross-sectional views of the
semiconductor device may also be illustrated with reference
to FIGS. 11B and 11C to 14B and 14C.

Referring to FIGS. 33, 11B, and 11C, methods may
include forming a second patterning mask pattern 370 on
lower hard mask patterns 1254 that expose a surface of a
stopper layer 120. The second patterning mask pattern 370
may expose a cell area C and cover a common source line.
The second patterning mask pattern 370 may include open-
ing patterns O8 and O9 that expose respective portions of a
surface of the stopper layer 120 and expose respective
portions of the lower hard mask patterns 1254'. Therefore,
the lower hard mask patterns 125 and 125q' may be
classified as exposed lower hard mask patterns 1254' and
masked lower hard mask patterns 125a. The second pattern-
ing mask pattern 370 may include a soft mask of an organic
based material, such as a photoresist, or a hard mask of an
inorganic based material. The second patterning mask pat-
tern 370 may define a cell area C using the opening patterns
08 and O9. Here, the opening patterns O8 and O9 in a top
view may be formed in a rectangular shape that exposes
most of the lower hard mask patterns 1254. Specifically, the
opening patterns O8 and O9 may expose a round perimeter
or a connection shape of the lower hard mask patterns 1254'.
Then, the lower hard mask pattern 1254 that is exposed may
have a semicircular band shape. In other words, in a plan
view, the lower hard mask patterns 1254' exposed by the
opening patterns O8 and O9 may have a “U” shape. The
second patterning mask pattern 370 may commonly form an
active area in the cell area C. That is, referring to FIG. 11C,
the second patterning mask pattern 370 may cover a surface
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of the stopper layer 120 and the lower hard mask patterns
125a to commonly form an active area that may be used as
a common source line area.

Referring to FIGS. 34, 12B, and 12C, methods may
include etching the stopper layer 120 using the second
patterning mask pattern 370 as an etching mask to form
stopper patterns 120a that expose portions of a surface of the
data storage layer 115. Specifically, the second patterning
mask pattern 370 is removed, and the stopper layer 120 is
patterned using the lower hard mask patterns 125a¢ as an
etching mask to form stopper patterns 120« in which the data
storage layer 115 is selectively exposed. The lower hard
mask patterns 1254 that are exposed by the opening patterns
08 and 09 may not be completely removed and may remain
as thinned lower hard mask patterns 1254'1. The lower hard
mask patterns 125q of an area that is masked by the second
patterning mask pattern 170 may remain as they are.

Referring to FIGS. 35, 13B, and 13C, methods may
include etching the data storage layer 115 and the tunnel
dielectric layer 110 of the cell area C using the stopper
patterns 120q as an etching mask to form data storage layer
patterns 1154 and tunnel dielectric layer patterns 110a that
expose portions of a surface of the substrate 100. The
remaining thinned lower hard mask patterns 1254'1 that are
exposed by the opening patterns O8 and O9 may be removed
to expose the stopper patterns 120qa entirely. The lower hard
mask patterns 125q of an area that is masked by the second
patterning mask pattern 170 may not be completely removed
and may remain as thinned lower hard mask patterns 12541.

Referring to FIGS. 36, 14B, and 14C, methods may
include etching the substrate 100 using the stopper patterns
120a, the data storage layer patterns 1154, and the tunnel
dielectric layer patterns 110qa as etching masks to form cell
trenches 175. Simultaneously, the remaining thinned lower
hard mask patterns 12541 and the stopper patterns 120a may
be removed. A dummy area 175a may be formed in the edge
of the cell area C. In a top view, the cell trenches 175 may
have a semicircular band shape or a bar shape. In other
words, in a plan view, some of the trenches 175 may have
an elongated rectangular shape and some of the trenches 175
may have a “U” shape. The dummy area 1754 may have a
shape that surrounds the cell trenches 175. The active area
in the cell area C may be formed commonly. The active area
that is commonly formed may be used as a common source
line. An active area R of the cell area C may have a
semicircular band shape.

Hereinafter, methods of fabricating semiconductor device
according to various exemplary embodiments of the inven-
tive concepts may be implemented the same as described in
FIGS. 15 to 18. Therefore, the description thereof will not be
repeated.

FIGS. 37 to 40 are plan views of the semiconductor
device schematically illustrating intermediate process opera-
tions in methods of forming an active area of semiconductor
devices according to some embodiments of the inventive
concepts. After performing a method of fabricating a semi-
conductor device according to FIGS. 19A and 19B to 28A
and 28B, methods of forming an active area of the semi-
conductor device will be described. The same reference
numerals used for the above drawings are used for the same
elements. Cross-sectional views of the semiconductor
device may also be illustrated with reference to FIGS. 29B
and 29C to 32B and 32C.

Referring to FIGS. 37, 29B, and 29C, methods may
include forming a second patterning mask pattern 470 on
lower hard mask patterns 2254 that may expose portions of
a surface of a stopper layer 220. The second patterning mask
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pattern 470 may expose a cell area C and cover a common
source line area. The second patterning mask pattern 470
may include opening patterns O10 and O11 that expose
respective portions of a surface of the stopper layer 220 and
expose respective portions of the lower hard mask patterns
225q'. Therefore, the lower hard mask patterns 225a¢ and
225q' may be classified as exposed lower hard mask patterns
225q" and masked lower hard mask patterns 225a. The
second patterning mask pattern 470 may include a soft mask
of an organic based material, such as a photoresist, or a hard
mask of an inorganic based material. The second patterning
mask pattern 470 may define a cell area C by the opening
patterns O10 and O11. Specifically, in a top view, the
opening patterns O10 and O11 may expose a round perim-
eter or a connection shape of the lower hard mask patterns
2254'. Then, the lower hard mask pattern 225q' that is
exposed may have a semicircular band shape. Then, the
lower hard mask pattern 2254 that is exposed may have a
semicircular band shape. In other words, in a plan view, the
lower hard mask patterns 225q' exposed by the opening
patterns O10 and O11 may have a “U” shape. The second
patterning mask pattern 470 may commonly form an active
area in the cell area C. That is, referring to FIG. 29C, the
second patterning mask pattern 470 may cover a surface of
the stopper layer 220 and the lower hard mask patterns 225a
to commonly form an active area that may be used as a
common source line area.

Referring to FIGS. 38, 30B, and 30C, methods may
include etching the stopper layer 220 using the second
patterning mask pattern 470 as an etching mask to form
stopper patterns 220a that expose portions of a surface of the
data storage layer 215. Specifically, the second patterning
mask pattern 470 is removed, the stopper layer 220 is
patterned using lower hard mask pattern 2254' as an etching
mask to form stopper patterns 220a that expose portions of
the data storage layer 215. The lower hard mask patterns
2254" that are exposed by the opening patterns 010 and O11
may not be removed completely and may remain as thinned
lower hard mask patterns 2254'l. The lower hard mask
patterns 225a of an area that is masked by the second
patterning mask pattern 470 may remain as they are.

Referring to FIGS. 39, 31B, and 31C, methods may
include etching the data storage layer 215 and the tunnel
dielectric layer 210 of the cell area C using the stopper
patterns 220q as an etching mask to form data storage layer
patterns 215a and tunnel dielectric layer patterns 210a that
expose portions of a surface of the substrate 200. The
remaining thinned lower hard mask patterns 2254'1 that are
exposed by the opening patterns O10 and O11 may be
completely removed to expose the stopper patterns 220a
entirely. The lower hard mask patterns 225a of an area that
is masked by the second patterning mask pattern 270 may
not be completely removed and may remain as thinned
lower hard mask patterns 22541.

Referring to FIGS. 40, 32B and 32C, methods may
include etching the substrate 200 using the stopper patterns
220a, the data storage layer patterns 215qa, and the tunnel
dielectric layer patterns 210a as etching masks to form cell
trenches 275. Simultaneously, the remaining thinned lower
hard mask patterns 22541 and the stopper patterns 220a may
be removed. A dummy area 275a may be formed on the edge
of the cell area C. In a top view, the cell trenches 275 may
have a semicircular band shape or a bar shape. In other
words, in a plan view, some of the trenches 275 may have
an elongated rectangular shape and some of the trenches 275
may have a “U” shape. The dummy area 2754 may have a
shape that surrounds the cell trenches 275. Then, the active
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area in the cell area C may be formed commonly. The active
area that is commonly formed may be used as a common
source line. The active area R of the cell area C may have
a semicircular band shape.

Hereinafter, methods of fabricating semiconductor device
according to various exemplary embodiments of the inven-
tive concepts may be implemented the same as described in
FIGS. 15 to 18. Therefore, the description thereof will not be
repeated.

FIG. 41 is a plan view schematically illustrating a semi-
conductor module according to some embodiments of the
inventive concepts. Referring to FIG. 41, the semiconductor
module 2200 according to the embodiment of the inventive
concepts may include a processor 2220 and semiconductor
devices 2230 mounted on a module substrate 2210. The
processor 2220 or the semiconductor devices 2230 may
include at least one of the semiconductor devices fabricated
according to various embodiments of the inventive concepts.
Conductive in/out terminals 2240 may be disposed on at
least one side of the module substrate 2210.

FIGS. 42 and 43 are block diagrams schematically illus-
trating electronic systems according to embodiments of the
inventive concepts.

Referring to FIG. 42, an electronic system 2300 according
to some embodiments of the inventive concepts may include
a body 2310, a display unit 2360, and an external apparatus
2370. The body 2310 may include a microprocessor unit
2320, a power supply 2330, a function unit 2340, and/or a
display controller unit 2350. The body 2310 may include a
system board or a motherboard, and/or a case that have
printed circuit board (PCB), etc. The microprocessor unit
2320, the power supply 2330, the function unit 2340, and the
display controller unit 2350 may be disposed or mounted on
an upper surface or an inside of the body 2310. A display
unit 2360 may be disposed on the upper surface of the body
2310 or an inside/outside of the body 2310. The display unit
2360 may display an image that is processed by the display
controller unit 2350. For example, the display unit 2360 may
include a liquid crystal display (LCD), an active matrix
organic light emitting diode (AMOLED), or various display
panels. The display unit 2360 may include a touch screen.
Therefore, the display unit 2360 may have input and output
function. The power supply 2330 may apply current or a
voltage to the microprocessor unit 2320, the function unit
2340, the display controller unit 2350, etc. The power supply
2330 may include a rechargeable battery, a socket for a dry
cell, or a voltage/current converter. The microprocessor unit
2320 may receive a voltage from the power supply 2330 and
control the function unit 2340 and the display unit 2360. For
example, the microprocessor unit 2320 may include a cen-
tral processing unit (CPU) or an application processor (AP).
The function unit 2340 may include a touch pad, a touch
screen, a volatile/nonvolatile memory, a memory card con-
troller, a camera, a lighting, a voice and video driving
processor, a wireless transmission and reception antenna, a
speaker, a microphone, a Universal Serial Bus (USB) port,
and other units that have various functions. The micropro-
cessor unit 2320 or the function unit 2340 may include at
least one of semiconductor devices fabricated according to
various embodiments of the inventive concepts.

Referring to FIG. 43, an electronic system 2400 according
to some embodiments of the inventive concepts may include
a microprocessor 2414, a memory system 2412, and a user
interface 2418 that perform data communication through a
bus 2420. The microprocessor 2414 may include a CPU or
an AP. The electronic system 2400 may also include the
RAM 2416 that directly communicates with the micropro-
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cessor 2414. The microprocessor 2414 and/or the RAM
2416 may be assembled in a single package. The user
interface 2418 may be used for inputting data to the elec-
tronic system 2400 and outputting data from the electronic
system 2400. For example, the user interface 2418 may
include a touch pad, a touch screen, a key board, a mouse,
a scanner, a voice detector, a cathode ray tube (CRT)
monitor, an LCD, an AMOLED, a plasma display panel
(PDP), a printer, a lighting, and other various input and
output devices. The memory system 2412 may store opera-
tional codes of the microprocessor 2414, data processed by
the microprocessor 2414, and input data from the outside.
The memory system 2412 may include a memory controller,
a hard disk, and a solid state drive (SSD). The micropro-
cessor 2414, the RAM 2416, and/or the memory system
2412 may include at least one of semiconductor devices
fabricated according to various embodiments of the inven-
tive concepts.

In some embodiments of the present inventive concepts,
a three-dimensional (3D) memory array may be provided.
The 3D memory array may be monolithically formed in one
or more physical levels of arrays of memory cells having an
active area disposed above a silicon substrate and circuitry
associated with the operation of those memory cells,
whether such associated circuitry is above or within such the
substrate. The term “monolithic” means that layers of each
level of the array are directly deposited on the layers of each
underlying level of the array.

In some embodiments of the present inventive concepts,
the 3D memory array may include vertical NAND strings
that are vertically oriented such that at least one memory cell
is located over another memory cell. The at least one
memory cell may comprise a data storage layer.

The following patent documents, that are hereby incor-
porated by reference, describe suitable configurations for
three-dimensional memory arrays, in which the three-di-
mensional memory array is configured as a plurality of
levels, with word lines and/or bit lines shared between
levels: U.S. Pat. Nos. 7,679,133; 8,553,466; 8,654,587,
8,559,235; and U.S. Pat. Pub. No. 2011/0233648.

According to various embodiments of the inventive con-
cepts, the semiconductor devices may be fabricated with fine
patterns that overcome the limitation of optical resolution of
exposures using a quadruple patterning technology.

In the semiconductor devices according to various
embodiments of the inventive concepts, active areas in cell
areas are commonly formed using a multi-pattern, and then
the CSL may be formed without regard to the contact size of
a cell. Therefore, the yield of fabricating the semiconductor
device may increase.

The other various effects have been described in the above
detailed descriptions.

Methods of fabricating the structures of the semiconduc-
tor device according to embodiments of the inventive con-
cepts have been illustrated and described above. Although a
few embodiments have been described with reference to the
accompanying drawings, it will be understood by those
skilled in the art that various modifications can be made
without departing from the scope of the present invention
and without changing essential features. Therefore, the
above-described examples should be considered in a
descriptive sense only and not for purposes of limitation.

What is claimed is:
1. A method of fabricating a semiconductor device, the
method comprising:
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forming a stopper layer, a lower hard mask layer, an
intermediate hard mask layer, and an upper hard mask
pattern on a substrate;

forming first spacer patterns on sidewalls of the upper

hard mask pattern;

removing the upper hard mask pattern;

selectively etching the intermediate hard mask layer using

the first spacer patterns as an etching mask to form
intermediate hard mask patterns;

removing the first spacer patterns;

forming second spacer patterns on sidewalls of the inter-

mediate hard mask patterns;

removing the intermediate hard mask patterns;

selectively etching the lower hard mask layer using the

second spacer patterns as an etching mask to form
lower hard mask patterns;

removing the second spacer patterns;

forming a patterning mask pattern that exposes a cell area

and covers a common source line area on the lower
hard mask patterns and the stopper layer;

selectively etching the stopper layer using the lower hard

mask patterns and the patterning mask pattern as etch-
ing masks to form stopper patterns; and

removing the patterning mask pattern.

2. The method of claim 1, wherein the upper hard mask
pattern comprises a first upper hard mask pattern and a
second upper hard mask pattern disposed on the first upper
hard mask pattern.

3. The method of claim 2, wherein the first upper hard
mask pattern comprises a spin on hard mask (SOH) and the
second upper hard mask pattern comprises silicon oxyni-
tride.

4. The method of claim 1, wherein the intermediate hard
mask layer comprises a first intermediate hard mask layer
and a second intermediate hard mask layer disposed on the
first intermediate hard mask layer.

5. The method of claim 4, wherein the first intermediate
hard mask layer comprises a spin on hard mask (SOH) and
the second intermediate hard mask layer comprises silicon
oxynitride.

6. The method of claim 1, further comprising:

forming a tunnel dielectric layer and a data storage layer

between the substrate and the stopper layer;

etching the tunnel dielectric layer and the data storage

layer using the stopper patterns as an etching mask to
form tunnel dielectric layer patterns and data storage
layer patterns; and

etching the substrate using the stopper patterns as an

etching mask to form cell trenches.

7. The method of claim 6, further comprising:

forming a core insulating layer on the substrate on which

the cell trenches are formed;

recessing the core insulating layer to form a cell filling

insulator in the cell trenches;

forming a dielectric layer on the cell filling insulator; and

forming a control gate electrode layer and a capping

insulating layer on the dielectric layer.

8. The method of claim 1, wherein the patterning mask
pattern comprises a photoresist.

9. The method of claim 1, wherein the patterning mask
pattern comprises opening patterns that expose portions of
the lower hard mask patterns and the stopper layer.

10. The method of claim 9,

wherein forming the stopper patterns comprises etching

the stopper layer using the lower hard mask patterns
that are exposed by the opening patterns as an etching
mask to form the stopper patterns, and
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wherein the lower hard mask patterns that are exposed by
the opening patterns are not completely removed by
etching the stopping layer.

11. The method of claim 9, wherein the opening patterns
expose a “U” shape of the lower hard mask patterns in a plan
view.

12. The method of claim 6, wherein ones of the cell
trenches comprise an elongated rectangular shape in a plan
view.

13. The method of claim 6, wherein ones of the cell
trenches comprise a “U” shape in a plan view.

14. The method of claim 13, wherein forming the cell
trenches comprises forming dummy areas in a shape that
surrounds the cell trenches.

15. A method of fabricating a semiconductor device, the
method comprising:

forming a stopper layer, a lower hard mask layer, an

intermediate hard mask layer, and an upper hard mask
layer on a substrate;
forming a first patterning mask pattern that has an elon-
gated rectangular shape on the upper hard mask layer;

etching the upper hard mask layer using the first pattern-
ing mask pattern as an etching mask to form an upper
hard mask pattern;

forming first spacer patterns on sidewalls of the upper

hard mask pattern;

removing the upper hard mask pattern;

selectively etching the intermediate hard mask layer using

the first spacer patterns as an etching mask to form
intermediate hard mask patterns;

removing the first spacer patterns;

forming second spacer patterns on sidewalls of the inter-

mediate hard mask patterns;

removing the intermediate hard mask patterns;

selectively etching the lower hard mask layer using the

second spacer patterns as an etching mask to form
lower hard mask patterns;
removing the second spacer patterns;
forming a second patterning mask pattern that exposes a
cell area and covers a common source line area on the
lower hard mask patterns and the stopper layer; and

selectively etching the stopper layer using the lower hard
mask patterns and the second patterning mask pattern
as etching masks to form stopper patterns.

16. A method of fabricating a semiconductor device, the
method comprising:

forming an etch stop layer, a lower hard mask layer that

has an etch selectivity with respect to the etch stop
layer, a first intermediate hard mask layer that has an
etch selectivity with respect to the lower hard mask
layer, a second intermediate hard mask layer that has an
etch selectivity with respect to the first intermediate
hard mask layer, a first upper hard mask layer that has
an etch selectivity with respect to the second interme-
diate hard mask layer, and a second upper hard mask
layer that has an etch selectivity with respect to the first
upper hard mask layer on a substrate;

forming a first patterning mask pattern on the second

upper hard mask layer;

etching, in a first etch process, the first and second upper

hard mask layers using the first patterning mask pattern
as an etching mask to expose portions of the second
intermediate hard mask layer;
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removing the first patterning mask pattern;

forming a first spacer layer on portions of the first and
second upper hard mask layers that remain after the
first etch process and on the portions of the second
intermediate hard mask layer that are exposed;

partially etching the first spacer layer and removing the
second upper hard mask layer in a second etch process
to expose the first upper hard mask layer and to form
first spacer patterns on sidewalls of the first upper hard
mask layer;

removing the first upper hard mask layer from between

the first spacer patterns;

etching, in a third etch process, the first and second

intermediate hard mask layers using the first spacer
patterns as an etching mask to expose portions of the
lower hard mask layer;

removing the first spacer patterns;

forming a second spacer layer on portions of the first and

second intermediate hard mask layers that remain after
the third etch process and on the portions of the lower
hard mask layer that are exposed;

partially etching the second spacer layer and removing the

second intermediate hard mask layer in a fourth etch
process to expose the first intermediate hard mask layer
and to form second spacer patterns on sidewalls of the
first intermediate hard mask layer;

removing the first intermediate hard mask layer from

between the second spacer patterns;

etching, in a fifth etch process, the lower hard mask layer

using the second spacer patterns as an etching mask to
expose portions of the etch stop layer; and

removing the second spacer patterns.

17. The method of claim 16, further comprising:

forming a tunnel dielectric layer and a data storage layer

between the substrate and the etch stop layer;
forming a second patterning mask pattern comprising a
plurality of openings spaced apart from each other and
extending parallel to each other that expose portions of
the lower hard mask layer that remain after the fifth
etch process and portions of the etch stop layer;

etching, in a sixth etch process, the etch stop layer using
the second patterning mask pattern and the portions of
the lower hard mask layer that are exposed as etching
masks; and

etching, in a seventh etch process, the data storage layer

and the tunnel dielectric layer using portions of the etch
stop layer remaining after the sixth etch process as an
etching mask.

18. The method of claim 16, wherein the first patterning
mask pattern comprises a plurality of parallel elongated
rectangular shaped openings that expose portions of the
second upper hard mask layer.

19. The method of claim 16, wherein the first patterning
mask pattern comprises a plurality of parallel elongated
rectangular shapes that cover portions of the second upper
hard mask layer.

20. The method of claim 16, wherein spaces in a lateral
direction between ones of the second spacer patterns are
approximately equal to thicknesses in the lateral direction of
the ones of the second spacer patterns.
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